• Introduction 
Ternary systems
Note: "In the liquidliquid equilibrium the existence of the two phases in equilibrium is not in the whole range of compositions".
Quaternary systems
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•
Problem Statement
The design problem consists of determining:
• a specified separation and/or recovery of solutes in the product stream.
• a set of feed streams with known composition,
Given is:
• the optimal number of stages,
• the feed stream locations,
• the solvent flow rate,
• the possibility of placing intermediate streams.
Optimal Synthesis of Liquid-Liquid Multistage Extractors
The objective is to minimize the total annualized cost of equipment and utilities. 
The selection of the stages in the optimal extraction cascade will be performed using the following "stage existence disjunction".
e q u il ib ri u m R j R j-1 = R j E j = E j+1 j For existing stages: i) Total and individual mass transfer balances. ii) Nonlinear equilibrium equations. iii) Relation between total and individual flowrates (bilinear terms).
For non-existing stages the equations considered are simply input-output relations in which no mass transfer takes place (inlet and outlet flows are the same for each phases).
Z j is a boolean variable which can be true or false depending if the stage j is selected or not. 
Therefore, the constraints are given by the following set of equations.
• Purity and recovery requirements in the final products streams E 1 and R def : 
• Component and total flowrate relations (bilinear terms).
• Side stream balances.
• Summation mass fractions equal to 1.
• Nonlinear equilibrium relations.
The objective function involves the minimization of the total annualized cost of equipment and utilities. For simplicity, the total capital cost is considered proportional to the sum of stages, and the operating cost of the process, a function of the flowrate of the solvent feed stream Tie line Correlation Model (Reyes et al., 1999) 
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Optimal Synthesis of Liquid-Liquid Multistage Extractors
Constraints with linear aproximations
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Simple extractor.
Optimal Synthesis of Liquid-Liquid Multistage Extractors
OPTIMAL SYNTHESIS OF LIQUID-LIQUID MULTISTAGE EXTRACTORS using Generalized Disjuntive Programming (GDP)
